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Introduction
Preliminary discussions took place at the NR ad hoc meeting regarding HARQ processing time and the number of HARQ processes that may be supported for NR. Consequently, the following details were agreed [1]
Agreements:
· NR UE supports a set of minimum HARQ processing time
· FFS: set size
· NR supports different minimum HARQ processing time at least for across UEs
· The HARQ processing time at least includes:
· Delay between DL data reception timing to the corresponding HARQ-ACK transmission timing
· Delay between UL grant reception timing to the corresponding 
UL data transmission timing
· NR UE is required to indicate its capability of minimum HARQ processing time to gNB
· FFS how the capability is indicated by UE
· e.g. reported processing time granularity
· e.g. dependency of DMRS pattern configuration
· FFS definition of minimum HARQ processing time
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE
· FFS the value for the timing

This contribution discusses some of the outstanding aspects on processing time and number of HARQ processes.

Discussion
UE categories in LTE are defined based on the maximum supported data rates for a given MIMO and/or carrier aggregation capability. A similar process could be followed for NR when defining the minimum HARQ processing time. Specifically, the minimum HARQ processing time may be defined based on the maximum data rate that can be supported in a configured TTI and for a defined system bandwidth. For example, assuming a slot duration of 14 symbols a set of TTI durations may be {1, 0.5, 0.25} ms corresponding to subcarrier spacing values of {15, 30, 60} KHz respectively. Based on this capability signaling the network can determine, for example, if a UE can support self contained HARQ operation with respect to a configured numerology. 
Proposal: the minimum HARQ processing time is defined based on the maximum data rate supported by a UE for a specified system bandwidth and a configured TTI duration.

The number of HARQ processes for a stop-and-wait HARQ protocol depends on the HARQ round trip time (RTT). In turn the HARQ RTT depends on the TTI duration, the HARQ-ACK feedback duration, and processing times at both transmitter and receiver. Furthermore, deployment considerations need to be taken into account such as the cell size and any front haul delays on the network size when the baseband unit is not collocated with the radio unit as these factors determine how the timing advance affects UE processing time. In addition, TDD operation needs to also consider the available transmission opportunities in either transmission direction.
The most stringent case for NR is the self contained structure depicted in Figure 1. 


[bookmark: _Ref474165295]Figure 1 Illustration of self contained slot showing that a minimum of 2 HARQ processes may be required for non-zero receiver processing time after end of reception

Here a slot of 7 symbols is shown with [1, 5, 1, 1] symbols for DL control, DL data, GP and UL control respectively. Even with front-loaded DMRS to facilitate symbol-level pipeline processing there is still non-zero additional processing time after receiving the data or control transmission. Therefore, for DL HARQ-ACK it may not be possible to immediately send a retransmission in the very next slot. Therefore, to maintain continuous transmission to a single UE, at least 2 HARQ processes are required. 
Note that this scenario shown in Figure 1 is a best case scenario in terms of minimizing the number of HARQ processes. Furthermore, the GP must account for the additional processing time at the UE, DL-UL switching time and timing advance. This also places a limit on the cell sizes that can support the self contained slot structures. Therefore, the number of HARQ processes in NR should be configurable based on use case.

Proposal: The number of HARQ processes in NR should be configurable to support different use cases and deployment scenarios.
Conclusion
This contribution discussed definition of HARQ processing time and number of HARQ processes required for NR operation. Our proposals are summarized as follows: 
· Proposal 1: the minimum HARQ processing time is defined based on the maximum data rate supported by a UE for a specified system bandwidth and a configured TTI duration. 
· Proposal 2: The number of HARQ processes in NR should be configurable to support different use cases and deployment scenarios.
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